ABSTRACT: Blood samples were obtained from the dorsal coccygeal vein and the brachial vein of five adult (four females and one male) and two subadult males of marginated tortoise (Testudo marginata) and hematologic and biochemical parameters were compared. Significant differences were found for red blood cell count, hematocrit, hemoglobin concentration, total proteins, uric acid, aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase, alkaline phosphatase, calcium, and phosphorus, which were greater in the brachial vein samples. Hemodilution due to lymph was observed when collecting blood from the dorsal coccygeal vein, and it is thought to be the cause of the differences found. This research documented that the brachial vein is a more reliable and consistent venipuncture site than dorsal coccygeal vein in marginated tortoise.
INTRODUCTION
Hematologic and blood biochemical parameters are essential to assess health and clinical status of reptiles, and particularly in tortoises, due to the fact that these animals demonstrate few observable clinical signs and the diagnostic challenges of evaluating them (Gottdenker and Jacobson, 1995) . Establishment of hematologic and blood biochemical reference values and standardization of sample collection methods in reptiles may be useful in many fields, ranging from exotic animal practice to wildlife rehabilitation centers (Muro et al., 1994; Raphael et al., 1994) . Also, monitoring reptile blood parameters can be a way to manage and evaluate the physiologic and health status of their populations, and may be a useful indicator of the environmental status, because these species are very sensitive to habitat changes (Jacobson et al., 1991; Raphael et al., 1994; Dickinson et al., 2002) .
However, many factors (both intrinsic and extrinsic) make it difficult to establish reference blood values for a species. Some of the most important intrinsic factors are species, sex, age, and physiologic status.
Among the extrinsic factors are season, temperature, habitat, diet, and captivity (Lawrence and Hawkey, 1986; Gottdenker and Jacobson, 1995) . The site and method of blood sample collection are also extrinsic factors that may influence hematologic and serum biochemical values. Standardization of blood collection techniques and sites will improve accuracy of blood data measurement and comparison (Gottdenker and Jacobson, 1995) .
Blood collection sites and methods in tortoises described included the jugular vein, dorsal coccygeal vein, brachial vein, lateral coccygeal vein, postoccipital venous plexus, femoral venous plexus, orbital sinus, heart, and nail-clipping (Samour et al., 1984; Marks and Citino, 1990; Gottdenker and Jacobson, 1995; Murray, 2000) . The jugular vein, especially the right one, has been reported as the preferred site for venipuncture in some tortoise species (Gottdenker and Jacobson, 1995; Jenkins, 1996; Lloyd and Morris, 1999) , but according to other authors the dorsal coccygeal vein and the brachial vein are preferred, particularly in Testudo (Samour et al., 1984; Marks and Citino, 1990; Jackson, 1991; Gö bel and Spö rle, 1991; Muro et al., 1994; Murray, 2000) . However, risk of contamination of blood samples with lymph due to proximity of lymphatic and blood vessels has been described for the brachial vein (Jacobson et al., 1992; Gottdenker and Jacobson, 1995; Murray, 2000) and the dorsal coccygeal vein (Marks and Citino, 1990; Jacobson et al., 1992; Muro et al., 1994) .
The objective of this study was to analyze the effect of sample collection site from the dorsal coccygeal vein and the brachial vein on hematologic and serum biochemical parameters in the marginated tortoise (Testudo marginata).
MATERIALS AND METHODS
Paired blood samples were collected from the dorsal coccygeal vein and the brachial vein of five adult (four females and one male) and two subadult male marginated tortoises. Animals were physically restrained to permit blood collection. Body weight ranged from 1,085 to 4,844 g, and shell length measured along the midline ranged from 199 to 326 mm. Tortoises were kept in captivity in open air enclosures at the Catalonian Reptile and Amphibians Rehabilitation Center (CRARC) in Masquefa (Barcelona, Spain, 41Њ30ЈN 1Њ48ЈE), receiving 14 hr of light and 10 hr of darkness a day. Tortoises were fed a diet of fruit and vegetables and had access to spontaneous autochthonous plants. All blood samples were obtained between May and June of 2001, to avoid the effect of season and physiologic status on blood parameters. Mean temperature was 20.6 C, with a daily oscillation of 13.6 C and mean humidity oscillated between 52% and 59%.
Blood samples were collected in 2 ml disposable plastic syringes with 23 gauge needles. One milliliter of blood was placed immediately in lithium heparin tubes for hematologic analysis, whereas the remaining was placed in another tube without anticoagulant and allowed to clot at room temperature, then centrifuged at 1,200 ϫ G for 10 min and serum frozen at Ϫ20 C until used for biochemical determinations.
Hematologic analysis included red blood cell count (RBC), hematocrit (PCV), hemoglobin concentration, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), white blood cell count (WBC) and leukocyte differential count. Hematocrit was determined with a microhematocrit centrifuge (Hawksley, Lancing, UK) at 14,000 ϫ G for 5 min; hemoglobin concentration was determined by a semiautomatic hematologic analyzer (Sysmex F-800, Toa Medical Electronics Co. Ltd, Japan) after centrifugation of lysates. Blood cell counts were determined in a Neubauer hemocytometer chamber with Natt & Herrick's solution as described (Raskin, 2000) . Differential leukocyte count was performed on a total of 100 WBC on blood smears with a Diff-Quick-like stain (Química Clínica Aplicada S.A., Amposta, Spain).
Biochemical parameters included total protein, glucose, triglycerides, urea, creatinine, uric acid, calcium, phosphorus, creatine kinase (CK), aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), and alkaline phosphatase (ALP), and were determined by means of an automated analyzer (COBAS MIRA, Roche, Nutley, New Jersey, USA). Sodium was determined with a flame spectrophotometer (Corning 410C, Corning Medical, Medfield, Massachusetts, USA).
Complete hematologic data from all the animals were available, whereas biochemical data for both venipuncture sites were available from only three to six animals, due to the lack of enough serum. Mean, standard deviation, coefficient of variation, and bias percentage were determined for each venipuncture site. A Shapiro-Wilk test was used to assess normality of the data. Hematologic and biochemical parameters were compared using a paired Student's t-test and a Wilcoxon's test, depending on the distribution of the values for each parameter. Statistical and distribution analyses were performed using a software program (SAS, SAS Institute Inc., Cary, USA).
RESULTS
Significant differences (PՅ0.05) were found between dorsal coccygeal vein and brachial vein values for RBC, PCV, and hemoglobin concentration, which were higher in the samples collected from the brachial vein. Coefficient of variation was greater in dorsal coccygeal vein samples for these three parameters. The relative bias of dorsal coccygeal vein samples was at least 30% for all the hematologic parameters, except percentage leukocyte differential count and MCV, MCH, and MCHC (Table 1) .
Total protein, uric acid, calcium, phosphorus, AST, ALT, LDH, and ALP were (Marks and Citino, 1990) ; and dorsal coccygeal vein and brachial vein (Gö bel and Spö rle, 1992). Venipuncture or blood collection site is important to consider when interpreting blood analysis results to assess health status and to establish reference values, because blood values can vary considerably (Gottdenker and Jacobson, 1995) . In chelonians and other ectotherms, it is particularly difficult to establish reference intervals, because they are capable of profound physiologic adaptation to different habitats, seasons, and environmental changes. Different reference intervals must be considered depending on age, sex, geographic location, season, and other environmental factors (Christopher et al., 1999) . Minimum information about the reference population must be provided when establishing a reference interval, in order to ensure that physiologic data are obtained in the same circumstances. Even then, up to 97 samples from a population are required to develop statistically meaningful intervals (Walton, 2001) . Reference values for hematologic and biochemical parameters have been previously established for marginated tortoise from brachial vein blood samples (Martínez-Silvestre et al., 2001) .
Differences in the values of blood samples collected from different venipuncture sites have been described in desert tortoises (Gopherus agassizii). Lymph contamination of the blood samples collected from the postoccipital venous plexus, in contrast to samples obtained from the jugular vein, was found to be a causal factor (Gottdenker and Jacobson, 1995) . Blood sampling in a vessel other than the jugular vein or the carotid artery (the only peripheral vessels that can be visualized through the skin in medium-sized tortoises) is always blind and may result in lymph contamination (Jacobson et al., 1992; Lloyd and Morris, 1999) . Such contamination has been described when collecting blood samples from the brachial vein in desert tortoises (Gottdenker and Jacobson, 1995) . Nevertheless, the brachial vein has been preferred to jugular venipuncture to collect blood samples in the radiated tortoise (Geochelone radiata), since the axillary approach was more consistent and less invasive and stressful (Marks and Citino, 1990) . Collecting blood samples from the jugular vein or the carotid artery requires a cooperating animal or manual extension and restraint of the head, and may be difficult or even impossible in some individuals (Jacobson et al., 1992; Lloyd and Morris, 1999) . Overall, it is easier to sample from the brachial vein than from the carotid artery or the jugular vein.
Differences in values obtained in our study between the brachial vein and dorsal coccygeal vein can also be explained by lymph contamination of the samples collected from the dorsal coccygeal vein. Lymph contamination of the samples was clearly seen in five of the seven animals when collecting blood from this vessel. We observed a transparent fluid coming first into the syringe, mixing after a few seconds with blood inside the syringe. However, we did not observe this macroscopic contamination in any of the samples ob- Total proteins Glucose Triglycerides Urea Creatinine tained from the brachial vein. Although minor contamination of brachial vein samples could have happened, the normal and narrow distribution of blood values of these samples indicates lack of lymph contamination. Lymph composition is different from blood and serum, so contamination of blood samples with lymph may affect the values of hematologic and biochemical parameters. Volume percentages of cellular components are lower in lymph than in blood, and enzyme activities and concentration of total protein are lower in lymph than in serum, whereas chloride values are higher (Jacobson et al., 1992; Gottdenker and Jacobson, 1995) .
Differences observed between samples collected from the dorsal coccygeal vein and from the brachial vein for RBC, PCV, hemoglobin concentration, total protein, uric acid, AST, ALP, calcium, and phosphorus, can be explained as a results of lymph contamination similar to that described in desert tortoises (Gottdenker and Jacobson, 1995) . We also found differences in LDH, which was not analyzed in the aforementioned study. In contrast with their results, we detected significantly different values for ALT, but not for leukocytes (WBC, heterophils, and monocytes) or glucose. The high interindividual variability in total and differential leukocyte counts could explain the absence of significant difference in these parameters.
The values of brachial vein samples were not only greater, but also less variable for most of the hematologic and serum biochemical parameters analyzed. This probably reflects the effect of lymph hemodilution in dorsal coccygeal samples, since lymph contamination of these blood samples varied considerably. The elevated bias of dorsal coccygeal vein samples for most hematologic and biochemical parameters also may be due to lymph hemodilution. The only parameters that showed less bias from this vessel were those which are not affected by lymph hemodilution: MCV, MCH, MCHC, percentage leukocyte differential count, and sodium.
The results obtained in our study indicated that venipuncture site has an important influence on hematologic and biochemical values in the marginated tortoise. According to our results, the brachial vein is a more reliable and consistent venipuncture site than the dorsal coccygeal vein in marginated tortoise, although dorsal coccygeal vein has been considered the site of choice for venipuncture in tortoises of the Genus Testudo (Jackson, 1991; Muro et al., 1994; Murray, 2000 
